Normal rat mammary epithelial cells have an absolute requirement for insulin (IN) or insulin-like growth factor-l (IGF-I) for proliferation in serum-free medium. By contrast, serially transplantable rat mammary carcinoma (RMC) cells are IGF-I-independent for continuous growth in vitro. Previously, we demonstrated that IGF-I independence is not mediated by an autocrine loop. Therefore, experiments were carried out to determine if IGF-I independence behaves as a dominant or recessive phenotype in somatic cell hyhridization experiments. IGF-I-independent I-9RMT cells were rendered hygromycin-resistant and IGF-I-dependent MCF-IOA cells were rendered G418 resistant by infection with retroviral expression vectors. Cells of each line were co-incubated in 60 mm dishes and fused with polyethylene glycol. Hybrid cells were selected with media containing hygromycin and G418 in the presence or absence of IN. In three experiments, approximately the same number of colonies emerged in double selection media in the presence or absence of IN. Furthermore, colonies that emerged in IN-containing media, when subcultured, grew equally well in the presence or absence of IN. Thus, fusion of IGF-I-independent RMC cells with IGF-I-dependent human mammary epithelial cells yields hybrids that are IGF-I-independent for growth in serum-free medium.
Introduction
Norma1 rat mammary epithelial cells (RME) have an absolute requirement for exogenous insulin for in vitro growth in serum-free medium [lo] . Culture media that are typically used to grow normal RME cells are supplemented with * Corresponding author.
supraphysiological levels of insulin (IN) . However, the growth promoting activities of these high IN concentrations can be completely replaced by physiological levels of 14, 23 ]. In contrast to normal RME cells and cells from some mammary carcinomas, cells obtained from serially transplantable rat mammary carcinomas, express complete independence of exogenous IN or insulin-like growth factor-I (IGF-I) for continuous growth in serum-free culture [9] . Although the IGF independence phenotype of these rat mammary carcinoma cells is clear cut, identifying the cellular and molecular mechanisms that underlie IGF independence has proven elusive. In previous studies we have ruled out an autocrine mechanism for IGF independence in these cells [8] . IGFindependent rat mammary carcinoma cells do not express IGF-I mRNA, nor do they synthesize IGF-like mitogenic factors that can be detected either in conditioned medium or cell lysates. IGFindependent cells do not express a cell density dependence for growth and do not respond to exogenous IGFs when grown at clonal density. We have also demonstrated that IGF-independent rat mammary carcinoma cells do not have codon 12 or 61 mutations in either the Ha-ras or K-ras alleles [4] . (1 pgiml), epiderma1 growth factor (EGF) (IO ng/ml), cholera toxin (CT) (100 ng/ml). sodium selenite (50 ngiml), triiodothyronine (50 ng/ml), ethanolamine (5 mM), transferrin (1 @g/ml) and bovine serum albumin (1 mg/ml).
MCF-1OA cells are a spontaneously immortalized human mammary cell line derived from nonmalignant mammary tissues [ 18, 191. In or G418 to the culture medium at 800 &ml. Stably resistant colonies emerged within 1 week. These colonies were pooled and subcultured and carried continuously in the presence of the appropriate antibiotic.
Somatic cell hybridization of l-9RMT and MCF-IOA cells
Somatic cell hybridization was carried out essentially as described by Koi and Barrett [15] . Briefly, 5 x lo5 cells of each cell line were plated in 60 mm collagen-coated tissue culture dishes and allowed to attach overnight. Next, the cells were incubated for 1 min at 37°C in Ham's F-12 medium containing bovine serum albumin, polyethylene glycol-1000 (PEG lOOO), and 15% dimethylsulfoxide (DMSO). The cells were then incubated for 2 min in Ham's F-12 containing BSA, 25% PEG-1000. The cells were then washed 5 times with Ham's F-12 with BSA and incubated overnight in growth factor supplemented serum-free medium. Selection for hybrids was initiated 24 h after hybridization by switching the cells to Ham's F-12 medium containing both hygromycin and G418 either in the presence or absence of IN. Hybrid colonies emerged within 2 weeks and were allowed to grow an additional one to 2 weeks before subculture.
Results

Cell lines used for somatic cell hybridization experiments
For these experiments we used two cell lines that have been characterized extensively in our laboratory for their in vitro growth requirements. We used retroviral expression vectors containing genes for either G418 or hygromycin resistance to develop the cell lines. Thus, l-9RMT cells were infected with a hygromycin resistance vector and MCF-1OA cells were infected with a G418 resistance vector. Forty-eight hours after infection, cells that had stably integrated the antibiotic resistance gene were selected using their regular growth medium supplemented additionally with either G418 or hygromycin. Figs. 1 and 2 show the IGFrequirements of the antibiotic resistant 1-9RMT-hyg cells and MCF-lOA-neo cells. These results demonstrate that developing antibiotic resistant sublines from these cells did not alter the growth factor requirements of the cells. In addition, l-9RMT-hyg cells were completely killed by G418 and MCF-IOA-neo cells were completely killed by hygromycin indicating that antibiotic crossresistance did not occur in these cell lines (not shown). In previous studies, we demonstrated that our IGF-independent rat mammary carcinoma cell lines do not synthesize and secrete a growth factor that mediates IGF independence via an autocrine loop [8] . Fig. 3 shows that I-9RMT-hyg cells, like the parent cells from which they were derived, do not secrete IGF-like mitogenic factors into conditioned medium. and EGF or in medium in which either IN or EGF were deleted. Experiment was performed as described in Fig. 1 . Lerr. 74 (1993) 189-195 -1 
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Somatic cell hybridization e.xperiments
To perform somatic cell hybrid experiments, equal numbers of I-9RMT-hyg and MCF-IOAneo cells were plated in 60 mm collagen-coated tissue culture dishes. Following attachment of the cells, hybridization was induced using culture medium supplemented with PEG and DMSO and selection of hybrids was initiated 24 h after removal of hybridization medium. In order to select for successful hybrids and to determine the IGF requirements of the hybrids simultaneously, selection was carried out by switching the cells to medium containing both hygromycin and G418 (double selection medium) in either the presence or absence of IN. Carrying out the experiments in this way was important in order to avoid the possible confounding influence of hybrid stability on the growth factor requirements of the hybrids. If IGF-independence behaves in a dominant fashion. then hybrid cells should be IGF-independent for growth. Thus, hybrid colonies should arise in approximately equal numbers in double selection The overall results show that development of somatic cell hybrids that could yield progressively growing colonies was a rare event. Despite the small number of colonies that arose in these experiments, hybrid colonies were detected -I in double selection media in both the presence and absence of IN. As stated above, if the IGF independence phenotype is dominant, then approximately the same number of colonies would be expected to arise in each media group. Since the total number of colonies that arose in these experiments was 25, an average of 12.5 colonies would be have been expected in each group. Chi-square analysis of the data indicated that the observed number of colonies in each group (17 and 8) is not significantly different from the expected number of colonies in each group (12.5 per group). Thus, these results are consistent with a dominant mechanism of IGF independence.
To confirm that somatic cell hybridization yielded colonies that were IGF-independent for growth, two additional experiments were performed. Firstly, hybrid colonies that arose in double selection medium containing IN were subcultured and tested for their requirements for exogenous IN in the next passage. The results shown in Fig. 4 demonstrate that hybrids that arose in double selection medium containing IN were able to grow in the very next passage in the absence of IN. Thus, even the hybrid colonies that arose in INcontaining medium were IGF-independent for growth. Secondly, the DNA content of hybrid colonies was analyzed to determine if hybrid cells lost significant amounts of genetic material during hybrid selection and growth. Somatic cell hybrid colonies were subcultured and grown to sufficient numbers for analysis of DNA content by flow cytometry. The data shown in Table 2 indicate that the Gl peak channel for the hybrid cells is consistent with the sum of the Gl peak channels for the two parental cells. Thus, during the selection and growth period, hybrids did not lose significant amounts of genetic material making it unlikely that IGF independence was a reversion event mediated by loss of genetic materia1 from the IGFdependent parent cell line.
Taken together, the results of these experiments indicate that IGF independence in rat mammary carcinoma cells occurs as a result of a dominantlyacting genetic change. Somatic cell hybrids obtained from IGF-independent and IGF-dependent cells are IGF-independent for growth in vitro.
Discussion
In these studies, we have used somatic cell hybridization methods to demonstrate that IGF independence which occurs in serially transplantable rat mammary carcinoma cells occurs by a dominantly-acting mechanism.
The rationale for using this experimental approach is based on our previous studies aimed at determining the mechanism of IGF independence in these cells and on published reports on the effect of tumor suppressor gene loss on cellular growth factor requirements.
Our previous data indicate that rat mammary carcinoma cells are truly independent of IGFs for long-term proliferation. They are not IGF-dependent cells that mediate their own growth factor requirements by synthesizing and secreting growth factor to which they then respond [8] . In addition to ruling out an autocrine mechanism of IGF independence in rat mammary carcinoma cells, we have not been able to obtain evidence for a role of the mq'c gene, 
